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Description 

^^^^r^i^^, ,Mn OP THF INVENTION 

1 Field of the Invention 

The present invent.on relates to a surface discharge 
.ype clr surface discharge type plasma ^sp^ 
and a process lor manutacturing the 
cmcallv the present invention relates to a color ac plas 
ma d splay device high in resolution and bnghtnes of 
7sSZ^ that it is adoptable to a high ^^f^^^ 
such as a high definition TV, and can be used ,n daylight. 



2 Description of the Related Art 



A plasma display panel (POP) has "eer^ conside ed 
,,emos,sui,ablef.atdisp.aydevice,oralargesi^^^^^^^^ 
as exceeding over 20 inches (^0 B cmjl^9'^";0' 

-:t:r:;:rrre^rtr^^^^^^^^ 

adaptable to a high definition TV Accordingly, an ,m- 
'pfovemen, in color display capability in plasma display 

^^"^n LTasMwo electrode type dc and ac plasma 
disp^y panels have been proposed and developed Al- 
so a surface discharge type ac plasma display pane^ 
among otf^er plasma display panels, has been known to 
be suitable for a full color display „ ^lasma 

For example, a surface discharge type ac plasma 
display panel having a three-electrode strucUKe c^^ 
ohses a plurality of parallel display electrode pairs 

phosphor and the display electrode pairs and are exert 
ed by ultra-violet rays generated from a surface dis 
r e between the display eiectrc^e-^^^o 
luminescence. See for example^ U.^Paten, N . 
4,638.218 issued on January 20, 1987 and no. 
A 7-?7 687 issued on April 12. 1988. 
'•"^e color display is obtained using an adequa^ 
combination of three different colors, '^^^^^^^ 
areen (G) and blue (B), and an image element is detinea 
byrtleastthreeluminescentareascorrespondingtothe 

a; an image element is composed^. 
,our subpixels arranged in two rows and two columns, 
ncluding a first color luminescent area, for examP'e^a 
a second color luminescent area, <or example^G^ a . .d 

-=o=^Scr=3 

of colors and an additional green having a high relatn/e 



„m,nous factor. By controlling the ^ddi^cnal green a,ea 
independently of the other three luminescent ^'^^^-^ 
apparent image element number can be increased and 
fh's an apparent higher resolution or finer image can 

' " ttifarrangemen, of four subpixels, two pairs of 
display electrodes cross an image element, i.e., each 
pair of display electrodes crosses each row or column 
of subpixels, which IS apparently disadvantageous in 

'° ^"rrfm^Ve — ra:e to be finer, formation o, 
„ne d s lly ^ectrodes becomes difficurt and the dr«e 
Xg margin for avoiding interference of discharge 
be^een drHerent electrode lines becomes narrow. 
,s Moreover, the display electrodes be^me narrower 
w^ich may cause damage to the electrodes Further, a 
Slav o' one irnage element requires timefor™^^^^ 
^Lo lines. Which may make a high ^peed display oper^ 
ation difficult because of the frequency limitation of a 

" VhTpTesent invention is directed to soWe the above 
problem and provide a flat panel color s^^-^^^J^^^ 
^pe plasma display device having fine ""^ge elements. 
jP-A-01 -304638, published in December S. 939 
2S discloses a plasma display panel in which a pluralrty of 
nara^erbarHers are arranged on a substrate and lurri- 
nescer^t areas in the form of strips defined by the paral^ 
barners are formed This disclosure is however directed 
'o oX two electrode type plasma display panels, not a 
.0 three elelctrode type plasma display panel .n ^ch par- 
allel display electrode pairs and adress ele^'^<^^^ j"'^; 
sectinq the display electrode pairs are arranged and 
mreTlur^inescent areas are arranged in the direction o 
me ernding lines of the display electrode pairs as of 
35 the present invention. a olasma 

The present invention is also directed to a plasma 
display panel exhibiting a high ^--9^ 
wide view angle range. In this connection. U S.Patent 
NO 5,086,297 issued on February 4, 1 992, correspond- 
.0 Tng to JP-A-ai-313837 published - ^"^^ 
989 discloses a plasma display panel "^'^j] P^°/ 
phors are coated on side walls of barriers Nevertheless^ 
n this plasma display panel, the P^°^''^°'2Z^:^r 
selectively on the side walls of barriers and do not cover 
u thtf^surtace Of the substrate on which electrodes are 

"'There is disclosed in EP-A-0 436 416 a color ac d'.^ 
play panel comprised of a plurality of elementary image 
elements each havingthree cells of different colors. The 
.0 elementary cells comprise several types ol P«e = «h^^ 
d^r from one another by the rela.^/e posrtion of the drf- 
et:. colored cells A pixel of a given type -s ad,acen, 
,o at least one pixel of another type so that at leasUwo 
adiacent cells of different pbcels have the same color^ 
ss Theconigurationpreventstheexcitationoface^hav.^^^^ 

a given color from causing light emission of a different 
crrowingtocrosstalkbelweentwoneighboringpixels 

fX y FR-A-2 662 534 discloses a dc type mono- 
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chrome plasma display panel in which the cathodes 
have a U-shaped profile to provide a better luminance 
unifomiity over the entire display screen. The light is 
emitted by glow discharge across the substrate. 



SUMMARY OF THE INVENTION 

To attain the above and other cbjects of the present 
invention, there is provided a color surface discharge 
type plasma display device as defined in claim 1. Pre- 
ferred embodiments of the invention are set forth in the 
appended sub-claims. 

To protect the phosphor provided over the address 
electrode from ion bombardment, the following drive can 
be adopted. First, an erase address type drive control 
system in which once all image elements corresponding 
to the display electrodes are written, an erase pulse is 
applied to one of the pair of the display electrodes and 
simultaneously an electric field control pulse for neutral- 
izing or cancelling the applied erase pulse is selectively 
applied to the address electrodes. 

Second, a write address type drive control system 
in which in displaying a line corresponding to a pair of 
the display electrodes, a discharge display pulse is ap- 
plied to one of the pair of the display electrodes and si- 
multaneously an electric field control pulse for writing is 
selectively applied to the address electrodes. This write 
address type drive control system is preferably consti- 
tuted such that in displaying a line corresponding to a 
pair of the display electrodes, once all image elements 
corresponding to the display electrodes are subject to 
writing and erasing discharges, to store positive electric 
charges above said phosphor layers and negative elec- 
tric charges above said insulating layer, an electric dis- 
charge display pulse is applied to one of the pair of the 
display electrodes to make said one of the pair of the 
display electrodes negative in electric potential to the 
other of the pair of the display electrodes, and an electric 
discharge pulse Is selectively applied to the address 
electrodes to make the address electrodes positive in 
electric potential to said one of the pair of the display 
electrodes. 

It Is preferred in the above color surface discharge 
plasma display device that the image element has an 
area of almost a square and each cf said three phosphor 
layers has a rectangular shape that is obtained by divid- 
ing the square of the image element and is long In a 
direction perpendicular to the lines of display electrodes; 
each of the lines of the display electrodes comprises a 
combination of a transparent conductor line and a metal 
line in contact with the transparent conductor line and 
having a width narrower than that of the transparent con- 
ductor line and Is disposed on the side of a viewer com- 
pared with the phosphor layers; the transparent conduc- 
tor lines have partial cutouts in such a shape that the ss 
surface discharge is localized to a portion bewteen the 
display electrodes without the cutout in each unit lumi- 
nescent area; the total width of a pair of the display elec- 



trodes and a gap for discharge formed between said pair 
of the the display electrodes is less than 70 % of a pitch 
of said pairs of display electrodes; the device further 
comprises barriers standing on a substrate and dividing 
5 and separating the space between the display elec- 
trodes and the phosphor layers into ceils corresponding 
to respective phosphor layers; the barriers have side 
walls and the phosphor layers extend to and almost en- 
tirely cover the side walls of the barriers; the address 
10 electrodes exist on a side of the substrate opposite to 
the display electrodes and the address electrodes are 
entirely covered with the phosphor layers; the device 
further comprises a substrate and a underlying layer of 
a low melting point glass containing a light color colorant 
15 formed on the substrate and the address electrodes are 
formed on the underlying layer; at least part of the bar- 
riers comprises a low melting point glass containing a 
light color colorant; and the barriers comprises a low 
melting point glass containing a dark color colorant in a 
20 top portion thereof and a low melting point glass ad- 
mixed with a light color colorant in the other portion 
thereof. 

In accordance with the present invention, there is 
also provided a process for manufacturing a color sur- 
25 face discharge plasma display device as above, in 
which said address electrodes and said barriers are par- 
allel to each other and said address electrodes comprise 
a main portion tor display parallel to said barriers and a 
portion at an end of said main portion for connecting out- 
30 er leads, said process comprising the steps of printing 
a material for forming said main portions of the address 
electrodes using a printing mask, printing a material for 
forming said outer lead-connecting portions, and print- 
ing a material for forming said barriers using said print- 
3S ing mask used for printing said material for forming the 
main portions of the address electrodes. 

Further, there is also provided a process for manu- 
facturing a color surface discharge type plasma display 
device as above, said process comprising the steps of 
40 forming said barriers on said second substrate, almost 
filling gaps between said barriers above said second 
substrate with a phosphor paste, firing said phosphor 
paste to reduce the volume of said phosphor paste and 
form recesses between said barriers and to form a phos* 
45 phor layer covering almost the entire surfaces of side 
waits of said barriers and overlying said second sub- 
strate between said barriers. 

It is preferred that the phosphor paste comprise 10 
to 50 % by weight of a phosphor and the filling of the 
50 phosphor paste be performed by screen printing the 
phosphor paste into the spaces with a square squeezer 
at a set angle of 70 to 85 degrees. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 schematically shows the basic construction 
of a color surface discharge type plasma display de- 
vice of the present invention; 
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Fig, 2 is a perspective view of a color fiat panel ac 
plasma display device of the present invention, 
Figs 3 to 6 show various structures and operation 
of plasma display devices of the prior art: 
Figs. 7 and 8 are perspective views of other color 
flat panel ac plasma display devices of the present 
invention; 

Figs. 9 and 10 show the brightness of display de- 
pending on the view angle; 

Figs. 11 to 13 shows the stability of the discharge 
when the structures of the barriers are varied; 
Fig. 14 is a block diagram of a color flat panel ac 
plasma display device o1 an embodiment of the 
present invention; 

Fig. 1 5 schematically shows the arrangement of the 
electrodes; 

Fig. 16 shows the waveform of the addressing of a 
color flat panel ac plasma display device in an em- 
bodiment of the present invention; 
Fig. 17 is a block diagram of a color flat panel ac 
plasma display device of another embodiment of 
the present invention; 

Fig. 18 shows the waveform of the addressing of a 
color flat panel ac plasma display device in another 
embodiment of the present invention; 
Figs. 19A to 19H show the state of the electric 
charges at main stages in the operation in accord- 
ance with the waveform of the addressing of Fig. 1 8; 
Fig. 20 shows an ideal coverage of a phosphor layer 
on barriers and a substrate; 

Fig. 21 shows the relationship between the thick- 
ness of the phosphor layer and the content of phos- 
phor in a phosphor paste; 

Figs. 22A to 22C show the main steps of fomning a 
phosphor layer in a preferred embodiment of the 
present invention; 

Fig. 23 is a perspective view of a flat panel ac plas- 
ma display device; 

Figs. 24A and 24B show the steps of forming ad- 
dress electrodes and barriers on a glass substrate 
in the prior art; and 

Figs. 25A to 25F show the steps of forming address 
electrodes and barriers on a glass substrate in a 
preferred embodiment of the present invention. 

OFSCRIPTION OF THE PREFERRED 
EMBODIMENTS 



Before describing the present invention in more de- 
tail, the prior art is described with referrence to drawings 
so as to understand the present invention more clearly. 

Figs. 3A and 38 show the basic constructions of dc 
and ac two-electrode plasma display panels. These 
constructions of two electrode plasma display panels 
typically appear in Figs. 5 and 6 of JP-A-01 -304638. In 
Fig 3A of the present application, i.e., an opposite dis- 
charge type dc plasma display panel, two substrates 51 
and 52 are faced parallel to each other, gas discharge 



cells 53 are defined by straight cell barriers 54 and the 
two substrates 51 and 52. a discharge gas exists in the 
discharge cells 53, an anode 55 is formed on a substrate 
51 on the side of the viewer, a cathode 56 is formed on 
s another substrate 52, and a phosphor layer 57 in the 
form of strip is formed on the substrate 51: the anode 
55 and the phosphor layer 57 do not overlap each other 
When a dc voltage is applied between the anode 55 and 
the cathode 56, an electric discharge emitting ultra-vio- 
10 let rays occurs in the discharge cell 53, which illuminates 
the phosphor layer 57. The reason for separating the 
phosphor layer 57 from the anode 55 is to prevent dam- 
age of the phosphor layer by ion bombardment due to 
the discharge, since if the phosphor layer is over the 
15 anode 55, ion bombardment of the anode damages the 
phosphor layer on the anode 55. 

This conventional panel is of the opposite discharge 
type and different from the surface discharge type of the 
present invention. Although the phosphors and barriers 
20 are straight or in the fomn of strips, the opposite elec- 
trodes are arranged to intersect with each other and the 
phosphors extend in the direction of one of the extend- 
ing lines of the opposite electrodes. In the opposite dis- 
charge type plasma display panel, ions generated dur- 
25 ing the discharge bombard and deteriorate the 
phohsphors. thereby shortening the life of the panel. By 
contrast, in a three-electrode surface discharge type 
panel, discharge occurs between the parallel display 
electrode pairs formed on one substrate, which prevents 
30 deterioation of the phosphor disposed on the other side 
substrate. 

Fig. 38, illustrates a surface discharge type ac plas- 
ma display device. Two substrates 61 and 62 are faced 
parallel to each other, gas discharge cells 63 are defined 
35 by straight cell barriers 64 and the two substrates 61 
and 62, a discharge gas exists in the discharge cells 63. 
Two electrodes 65 and 66 arranged normal to each oth- 
er in plane view are formed on the substrate 62 with a 
dielectric layer 67 therebetween. A second dielectric 
40 layer 68 and a protecting layer 69 are stacked on the 
dielectric layer 67, and a phosphor layer 70 is formed in 
the form of strip on the substrate 61 When an electric 
field is applied between the two electrodes 65 and 66, 
a discharge generating ultra( violet rays occurs, which 
45 iiumunates the phosphor layer 70. 

In this conventional surface discharge type panel, 
the straight barriers and the strip phosphors are parallel 
to each other, but the pair of display electrodes are ar- 
ranged in the direction of intersection with each other 
50 and the phosphors extend in the extending direction of 
one of the display electrode pair. By contrast, the three 
different luminescent color phosphors are arranged in 
the extending direction of the parallel display electrode 
pairs. 

55 This conventional surface discharge type panel has 
disadvantages in that the selection of the materials of 
the X and Y display electrodes is difficult since the two 
electrode layers X and Y are stacked one above the oth- 
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er (as the dielectric layer disposed between the two dis- 
play electrodes is made of a low melting point glass, fail- 
ure of the upper electrode on the low melting point glass 
or a short circuit may occur when the low melting point 
glass is fired). Moreover, a protecting layer at the inter- 
section of the X and Y display electrodes tends to be 
damaged by the discharge due to electric field concen- 
tration there, which causes variation of the discharge 
voltage. Also, a large capacitance caused by the stack 
of the two electrodes on one substrate results in disad- 
vantageous drive. As a result of these disadvantages, 
this type panel has never been put into practical use. 

There is also known a three electrode type surface 
gas discharge ac plasma display panel as shown in Fig. 
4, in which a display electrode pair Xj and Yj each com- 
prising a transparent conductor strip 72 and a metal lay- 
er 73 are formed on a glass substrate 71 on the display 
surface side H, a dielectric layer 74 for an ac drive is 
formed on the substrate 71 to cover the display elec- 
trodes Xj and Yj, a first barrier 75 in the form of a cross 
lattice defining a unit luminescent area EUj is formed on 
the glass substrate 71 , parallel second barriers 76 core- 
sponding to the vertical lines of the barrier 75 are formed 
on a glass substrate 79 so that discharge cells 77 are 
defined between the substrates 71 and 79 by the first 
and second barriers 75 and 76, an address electrode Aj 
and a phosphor layer 78 are formed on the substrate 
79. the address electrode Aj being for selectively illumi- 
nating the unit luminescent area EU and a phosphor lay- 
er 78 intersecting the display electrode pair Xj and Xj. 
The address electrode Aj is formed adjacent to the one 
side barrier 76 and the phosphor layer 78 is adjacent to 
the other side barrier 76. The address electrode Aj may 
be formed on the side of the substrate 71 , for example, 
below the display electrode pairs Xj and Yj with a die- 
lectric layer therebetween. 

This ac plasma dicharge panel typically uses an 
erase addressing, in which writing (formation of stack of 
wall charge) of a line L followed by selective erasing, 
wherein a self-erase discharge utilized for the selective 
erasing. 

Namely, referring to Figs. 4 and 5, in an initial ad- 
dress cycle CA of a line display period T corresponding 
to one line display, a positive writing pulse PW having a 
wave height Vw is applied to display electrodes Xj and 
a negative discharge sustain pulse having a wave height 
Vs is simultaneously applied to a display electrode Yj 
corresponding to a line to be displayed. In Fig. 5, the 
inclined line added to the discharge sustain voltage PS 
indicates that it is selectively applied to respective lines. 

At this time, a relative electrical potential between 
the display electrodes Xj and Yj, i.e., a cell voltage ap- 
plied to the surface discharge cell is above the firing volt- 
age and therefore surface discharge occurs in all sur- 
face discharge cells C corresponding to one line. By the 
surface discharge, wall charges having polarities oppo- 
site to those of the applied voltage are stacked on the 
protecting layer 18 and accordingly, the cell voltage is 



lowered to a predetermined voltage where the surface 
discharge stops. The surface discharge cells are then 
in the written state. 

Next, discharge sustain pulses PS are alternately 

5 applied to the display electrodes Xj and Yj, and by su- 
perimposing the voltage Vs of the discharge sustain 
pulse PS onto the wall charges, the cell voltages then 
attain the above firing voltage and surface discharge oc- 
curs every time the discharge sustain pulses PS are ap- 

10 plied. 

After the written state is made stable by a plurality 
of surface discharges, at an end stage of the address 
cycle CA, a positive selective discharge pulse PA having 
a wave height Va is applied to address electrodes cor- 
'5 responding to unit luminescent areas EU to enter into a 
non-display state in one line and simultaneously the dis- 
charge sustain pulse PS is applied to the display elec- 
trode Yj, to erase the wall charges unnecessary for dis- 
play (selective erase). In Fig. 5. the inclined line added 
?o to the selective discharge pulse PA indicates that it is 
selectively applied to each of the unit luminescent areas 
EU in one line. 

At a rising edge of the selective discharge pulse PA, 
an opposite discharge occurs at an intersection be- 
?5 tween the address electrode Aj and the display elec- 
trode Yj in the direction of the gap of the discharge space 
30 between the substrates 1 1 and 21 . By this discharge, 
excess wall charges are stacked in surface discharge 
cells and when the selective discharge pulse PA is low- 
ered and the discharge sustain pulse PS is raised, a dis- 
charge due to the wall charges only occurs (self-erase 
discharge). The self-erase discharge has a short dis- 
charge sustain time since no discharge current is sup- 
plied from the electrodes. Accordingly, the wall charges 
5 disappear in the form of neutralization. 

in the following display cycle CH, the discharge sus- 
tain voltage PS is alternately applied to the display elec- 
trodes Xj and Yj. At every rising edge of the discharge 
sustain voltage PS, only the surface discharge cells C 
in which the wall charges are not lost are subject to dis- 
charge. Ultra-violet rays are thereby irradiated to excite 
and iluminate the phosphor layers 28. In the display cy- 
cle CH. the period of the discharge sustain voltage PS 
is selected so as to control the display brightness, 
' The above operation is repeated for every line dis- 
play period T and the display is performed for respective 
lines. 

It is noted that it is possible for the writing to be per- 
formed simultaneously for all lines followed by line-by- 
' line selective erasing of wall discharges, so that the writ- 
ing time in an image display period (field) is shortened 
and the operation of display is speeded up. 

In this three-electrode type ac plasma dicharge 
panel, the selection of the discharge cell for electric dis- 
charge is memorized and the power consumption for 
display or sustainment of discharge can be lowered. 
Secondly, the electric discharge occurs near the surface 
of the protecting layer on the display electrode pair Xj 
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and Yj so that damage of the phosphor layer by ion bom- 
bardment can be prevented, particularly when the phos- 
phor layer and the address electrode are separated. 

Fig. 6 shows a typical arrangement of three different 
color phosphor layers for a full color display in a three- s 
electrode type ac plasma dicharge panel. In Fig, 6, EG 
denotes an image element, EUj denotes a unit lumines- 
cent area, R denotes a unit luminescent area of red, G 
denotes a unit luminescent area of green, B denotes a 
unit luminescent area of blue, and Xj and Yj denote a 
pair of display electrodes, respectively. 

As seen in Fig. 6, one display line L is defined by 
the pair of display electrodes Xj and Yj, and each image 
element EG is composed of four unit luminescent areas 
EUj of two rows and two columns, to which two lines L, 
i.e.. four display electrodes Xj and Yj correspond, tn an 
image element EG, the left upper unit luminescent area 
EUj is a first color, e.g. R, the right upper and left lower 
unit luminescent areas EUj are a second color, e.g. G, 
and the right lower unit luminescent area EUj is a third 20 
color, e.g. B. Namely, the image element EG consists of 
a combination of unit luminescent areas EUj of the three 
primary colors for mixture of additive colors and an ad- 
ditional unit luminescent area EUj of green having a high 
relative luminous factor The additional unit luminescent 25 
area EUj of green permits an increase in the apparent 
number of image elements by independent control 
thereof from the other three unit luminescent areas EUj. 

In this arrangement of the unit luminescent areas 
EUj, as described before, the four display electrodes re- 30 
quired in an image element are disadvantageous in 
making the image elements finer. First, the formation of 
a fine electrode pattern has a size limitation. Second, if 
the gap between the display lines L is narrowered, a 
margin for preventing an interference between dis- 3s 
charges on the display lines becomes narrow. Third, if 
the width of the display electrodes is narrowered, the 
display electrodes tend to be broken or cut. Fourth, a 
display of an image element requires time for scanning 
two lines L, which may make a high speed display op- ^0 
eration difficult, particularly when a panel size or image 
element number is increased. 

In accordance with the present invention, with ref- 
erence to Figs. 1 and 2, the above problems are solved 
by using pairs of lines of display electrodes X and Y, lines 
of address electrodes 22 insulated from the display elec- 
trodes X and Y and running in a direction intersecting 
the lines of display electrodes X and Y, areas of three 
phosphor layers 28R, 28G and 28B different from each 
other in luminescent color facing the display electrodes so 
and arranged in a successive order of the three phos- 
phor layers along the extending lines of the display elec- 
trodes X and Y, and a discharge gas in a space 30 be- 
tween said display electrodes X and Y and said phos- 
phors, w/herein the adjacent three phosphor layers EU 5S 
of the three different luminescent colors 28R, 28G and 
288 in a pair of lines of display electrodes X and Y define 
one image element EG of a full color display. 



In this construction, the only one display electrode 
pair, i.e , two display electrodes, are arranged in one im- 
age element. Accordingly, it is possible to reduce the 
size of the image elements Also, it is possible to in- 
crease the area where display electrodes do not cover 
an image element so that the brightness of the display 
can be increased since metal electrodes interrupt illu- 
mination from the phosphors. 

Ftg 1 is a plane view of an arrangement of display 
electrodes X and Y in an image element EG and Fig. 2 
is a schematic perspective view of a structure of an im- 
age element. 

Referring to Fig. 2, the three-electrode type surface 
gas discharge ac plasma display panel shown compris- 
es a glass substrate 11 on the side of the display surface 
H, a pair of display electrodes X and Y extending trans- 
versely parallel to each other, a dielectric layer 1 7 for an 
ac drive, a protecting layer 18 of MgO, a glass substrate 
21 on the background side, a plurality of barriers 29 ex- 
tending vertically and defining the pitch of discharge 
spaces 30 by contacting the top thereof with the protect- 
ing layer 18, address electrodes 22 disposed between 
the barriers 29, and phosphor layers 28R, 28G and 28B 
of three primary colors of red R, green G and blue B. 

The discharge spaces 30 are defined as unit lumi- 
nescent areas EU by the barriers 29 and are filled with 
a penning gas of a mixture of neon with xenon (about 1 
- 1 5 mole %) at a pressure of about 500 Torr as an elec- 
tric discharge gas emitting ultra-violet rays for exciting 
the phosphor layers 28R, 28G and 28B. 

In Fig. 2, the barriers 29 are formed on the side of 
the substrate 21 but are not formed on the side of the 
substrate 1 1 , which is advantageous in accordance with 
the present invention and described in more detail later. 

The display electrodes X and Y comprise transpar- 
ent conductor strips 41, about 180 (im wide, and metal 
layers 42, about 80 (im wide, for supplementing the con- 
ductivity of the transparent conductor strips 41. The 
transparent conductor strips 41 are of, for example, a 
tin oxide layer and the metal layers 42 are a layer of, for 
example, a Cr/Cu/Cr three sublayer structure. 

The distance between a pair of the display elec- 
trodes X and Y, i.e., the discharge gap, is selected to be 
about 40^uTi and an MgO layer 18 about a few hundred 
nano meters thick is formed on the dielectric layer 17. It 
was found by the present inventors that the interruption 
of a discharge between adjacent display electrode pairs 
or lines L can be prevented by providing a predeter- 
mined distance between the adjacent display electrode 
pairs or lines L, and therefore, barriers for defining dis- 
charge cells corresponding to each line L are not nec- 
essary. Accordingly, the barriers can be in the form of 
parallel strips, not the cross lattice enclosing each unit 
luminescent area, as shown in Fig. 2, and thus can be 
greatly simplified. 

The phosphors 28R, 28G and 28B are disposed in 
the order of R. G and B from the left to the right to cover 
the surfaces of the substrate 21 and barriers 29 defining 
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the discharge spaces between the barriers 29. The 
phosphor 28R emitting red luminescence is of, for ex- 
ample, (Y, Gd)B03:Eu2+, the phosphor 28G emitting 
green luminescence is of, for example, Zn2Si04:Mn, 
and the phosphor 26B emitting blue luminescence is of, 
for example, BaMgAli4 Oga ; Eu2+. The compositions of 
the phosphcrs 28R, 28G and 28B are selected such that 
the color of the mixture of luminescences of the phos- 
phors 28R. 28G and 28B when simultaneously excited 
under the same conditions is white. 

At an intersection of one of a pair of display elec- 
trodes X and Y with an address electrode 22, a selected 
discharge cell, not indicated in figures, for selecting dis- 
play or non-display of the unit luminescent area EU is 
defined, and a primary discharge celt, not indicated in 
figures, Is defined near the selected discharge cell by a 
space corresponding to the phophor. By this construc- 
tion, a portion, corresponding to each unit luminescent 
area EU, of each of the vertically extending phosphor 
layers 28R, 28G and 28B can be selectively illuminated 
and a full color display by a combination of R, G and B 
can be realized. 

Referring to Fig. 1 . respective image elements are 
composed of three unit luminescent areas EU arranged 
transversely and having the same areas. The image el- 
ements advantageously have the shape of a square for 
high image quality and accordingly the unit luminescent 
areas EU have a rectangular shape elongated in the ver- 
tical direction, for example, about 660 ^im x 220 jim. 

A pair of display electrodes are made correspond- 
ing to each image element EG, namely, one image ele- 
ment EG corresponds to one line L. 

Accordingly, in comparison with the case of the prior 
art as shown in Fig. 3 where two lines L correspond to 
one image element EG, the number of the electrodes in 
an image element EG is reduced by half in the construc- 
tion of the present invention as shown in Figs. 1 and 2. 

If the area of one image element EG is selected to 
be the same as that of the prior art, the width of the dis- 
play electrodes X and Y can be almost doubled. As the 
width of the display electrodes X and Y is larger, the re- 
liability is increased since the probability of breaking the 
electrodes is reduced. 

Further, the width of the transparent conductor strip 
41 can be made sufficiently large, compared to the width 
of the metal layer 42 that is necessarily more than a pre- 
determined width to ensure the conductivity over the en- 
tire length of the line L, and this allows an increase in 
the effective area of illumination and thus the display 
brightness. 

For example, in the arrangement of Fig. 3, the width 
of the display electrodes Xj and Yj is 90 jim, the gap 
between a pair of the display electrodes Xj and Yj is 50 
urn, and the width of the unit luminescent area EUj is 
330 (am. The gap between a pair of display electrodes 
Xj and Yj of at least 50 yim is necessary to ensure a 
stable Initiation of discharge and a stable discharge. A 
width of the display electrodes Xj and Yj of 90 \^m is se- 



lected because a metal layer having at least a 70 i^m 
width is necessary to ensure conductivity for a 21 inch 
(537.6mm) line L or panel length and the total width of 
the pair of display electrodes Xj and Yj and the gap ther- 
5 ebetween should be not more than about 70 % of the 
width of the unit luminescent area EUj, which the 
present inventors found, as described later. Accordingly, 
in an image element EG having a total width of 330 (j.m 
x 2 = 660 \im, the total width of the four display elec- 
10 trodes Xj and Yj is 90 [im x 4 - 360 [xm and the total 
width of the the four metal layers in the display elec- 
trodes Xj and Yj is 70 (am x 4 = 280 ^m. The total width 
of the metal layers is 70 (im x 4 = 280 (im and the effec- 
tive illumination area is {660 i^m - 280 ^m) = 380 ^im, 58 
IS % of the image element. 

In comparison with the above, in the construction 
as shown in Figs. 1 and 2, if the total width of the Image 
element EG is selected to be the same as above, i.e, 
660 \xm. the total width of the pair of display electrodes 
20 X and Y and the gap therebetween can be 460 |im, the 
gap between a pair of the display electrodes X and Y is 
50 jim, and accordingly, the width of each of the display 
electrodes X and Y is 210 |im including the width of the 
metal layer 42 of 70 ^m and the rest width of the trans- 
2S parent conductor strip 41 of 140 yim. The width of each 
display electrode of 21 0 jim is 233 % of the width of the 
prior art of 90 nm. The total width of the metal layers 42 
is only 70 ^m x 2 = 1 40 (im and the effective illumination 
area is {660 (o/n - 1 40 (im) = 520 |j.m, 79 % of the image 
30 element, which is about 1 38 %. compared to that of the 
prior art, which is 58 %. 

Of course, although the size of an image element 
is made the same in the above comparison, it is possible 
in the present invention for the size of an image element 
35 to be decreased without the risk of the display elec- 
trodes breaking and a very fine display can easily be 
attained. 

Further, although the above is a so-called reflecting 
type panel in which the phophor layers 28R, 28G and 

40 28B are disposed on the background side glass sub- 
strate 21, the present invention can be also applied to 
a so-called transmission type panel in which the pho- 
phor layers 28R, 28G and 28B are disposed on the dis- 
play surface side glass substrate 11. 

45 Referring back to Fig. 4, a gap of the discharge cells 
77 between the two substrates 71 and 79 or the total 
height of the barriers 75 and 76 is generally selected to 
about 100 to 130 (im for alleviating the shock by ion 
bombardment during discharge. Accordingly, when one 

so observes from the side of the display surface H of a plas- 
ma display panel in which the phosphor layer 78 is dis- 
posed only on the glass substrate 79, the view is dis- 
turbed by the barriers 75 and 76. Thus, the viewing an- 
gle of display of a panel of the prior art Is narrow and it 

ss js narrower as the fineness of the display image ele- 
ments becomes higher Further, the surface area of the 
phosphor layer 78 in the unit luminescent area EUj, I.e., 
the substantial luminescence area, is small, which 
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renders the brightness of display low even when viewed 
from the right front side of the panel. 

To solve this problem, in accordance with the 
present invention, the phosphor layer is formed not only 
on the surface of one substrate facing the display elec- 
trodes but also on the side walls of the barrier. Further, 
on the surface of the one substrate, the phosphor layer 
is also formed on the address electrode, even if present. 

In this construction, it is apparent that the viewing 
angle of display is widened since the phosphor layers 
on the side walls of the barriers conribute to the display 
and the luminescent area is enlarged by the phosphor 
covering the barriers and the address electrode. 

Fig. 7 shows another example of a plasma display 
panel according to the present invention which is very 
similar to that shown in Fig. 2 except that the barriers 
1 9 and 29 are formed on both substrates 1 1 and 21 , re- 
spectively. 

Fig. 8 shows a further example of a plasma display 
panel according to the present invention which is very 
similar to that shown in Fig. 2 except that the display 
electrodes have a particular shape. In Figs. 7 and 8, the 
reference numbers denoting parts corresponding to the 
parts of Fig. 2 are the same as in Fig. 2. 

The barriers 1 9 and 29 are made of a low melting 
point glass and correspond to each other to define the 
discharge cells 30 and have a width of, for example, 50 
Jim. 

In the gap between the barriers 29 on the substrate 
21, address electrodes 22 having a predetermined 
width, for example, 130 |j.m, are disposed, for example, 
by printing and firing a pattern of a silver paste. 

The phosphor layers 28 (28R. 28G and 2BB) are 
coated on the entire surface of the glass substrate 21 
including the side walls of the barriers 29 except for a 
top portion of the barriers 29 for contacting the member 
of the substrate 21 . more specifically, a portion for con- 
tacting the protecting layer 18 of MgO in Figs. 2 and 8 
and the barriers 1 9 in Fig. 7. Namely, almost the entire 
surface of the unit luminescent area EU including the 
side walls of the barriers 29 and the surface of the ad- 
dress electrodes 22 are covered with the phosphor lay- 
ers 28. 

In the plasma display panel shown in Fig. 8, the dis- 
play electrodes X" and Y' comprise transparent conduc- 
tor strips 41' having cutouts K for localizing the dis- 
charge and strips of metal layers 42 having a constant 
width. Namely, the transparent conductor strips 41' are 
arranged with a predetermined discharge gap at a cen- 
tral portion of a unit luminescent area EU and larger 
widths at both end portions of the unit luminescent area 
EU to restrict the discharge so that discharge interfer- 
ence between the adjacent unit luminescent areas EU 
is prevented and, as a result, a wide driving voltage mar- 
gin is obtained. Here, the total width of the display elec- 
trodes X' and Y' and the gap therebetween is made to 
be not more than 70 % of the width of the unit lumines- 
cent area EU or the pitch of the adjacent display elec- 



trodes. 

On the rear glass substrate 21 , an underlying layer 
23, an address electrode 22. barriers 29 {29A and 29B) 
and phosphor layers 28 (28R, 28G and 28B) are lami- 
s nated or formed 

The underlying layer 23 is of a low melting point 
glass, and but has higher melting point than the barriers 
29, and serves to prevent deformation of the address 
electrodes 22 and the barriers 29 during thick film for- 
10 mation by absorbing a solvent from pastes for the ad- 
dress electrodes 22 and the barriers 29 The underlying 
layer 23 also serves as a light reflecting layer by color- 
ing, e.g., white by adding an oxide or the like. 

The address electrodes 22 are preferably of silver 
75 which can have a white surface by selecting suitable fir- 
ing conditions. 

The barriers 29 have a height almost corresponding 
to the distance of the discharge space 30 between the 
two substrates 11 and 21 and may be composed of low 
melting point glasses having different colors depending 
on the portions. The top portion 29 B of the barriers 29 
has a dark color, such as black, for improving the display 
contrast and the other portion 29A of the barriers 29 has 
a tight color such as white, for improving the brightness 
of the display. This kind of barrier 29 can be made by 
printing a low melting point glass paste containing a 
white colorant, such as alunimum oxide or magnesium 
oxide, several times, followed by printing a low melting 
point glass paste containing a black colorant and then 
firing both low melting point glass pastes together 

The phosphor layers 28 (R. G and B) are coated so 
as to cover the entire inner surface of the glass substrate 
21 except for portions of the barriers 29 that are to make 
contact with the protecting layer 18 on the substrate 11 
and portions nearby. Namely, the walls of the substrate 
21 in the discharge space of the unit luminescent area 
EU, including the side walls of the barriers 29 and the 
address electrodes 22, are almost entirely covered with 
the phosphor layers 28. R, G and B denote red, green 
and blue colors of luminescence of the phosphor layers 
28, respectively. 

tt is possible for indium oxide or the like to be added 
to the phosphor layers 28 to provide conductivity in order 
to prevent a stack of electric charge at the time of the 
selective discharge and make the drive easiy and stable 
depending on a driving method. 

In this embodiment of Fig. 8, the phosphor layers 
28 cover almost the entire surface of the barriers 29, 
which have an enlarged phosphor area compared to 
that of the embodiment of Fig. 7, so that the viewing an- 
gle and the brightness of the display are improved. 

Further since the underlying layer 23 and the bar- 
riers 29A are rendered a light color, such as white, the 
light that is emitted toward the background side is re- 
flected by these light color members so that the efficien- 
cy of the utilization of light is improved, which is advan- 
tageous for obtaining a high display brightness. 

Fig. 9 shows the brightness of panels at various 
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view angles. The solid line shows a panel A in which the 
phosphor layers 28 also cover the side walls 29 of the 
barriers and the broken line shows a panel B in which 
the phosphor layers 28 do not cover the side walls 29 
of the barriers. The panels A and B have the same con- 
struction but do not have the same phosphor coverage. 
It is seen from Fig. 9 that at the right front side of the 
display surface H (view angle of 0° ). the brightness of 
the panel A is about 1 .35 times that of the panel B, and 
in a wide viewing angle of -60° to +60°. the brightness 
of the panel A is above or almost equal to that of the 
panel B obtained at the right front of the display surface 
H. 

Fig. 1 0 shows the dependency of the display bright- 
ness on the view angle, which shows that the brightness 
of the display dependent on the view angle of a reflection 
type panel with phosphor layers on the side walls of the 
barriers is even better than that of a transmission type 
panel, i.e., a pane! in which the phosphor layers are dis- 
posed on a glass substrate of the side of the display sur- 
face H. 

As described before, it was found that the ratio of 
the total width of the display electrode pair X and Y in- 
cluding the width of the gap therebetween to the entire 
width of a unit luminescent area EU (hereinafter referred 
to as 'electrode occupy ratio*) should be not more than 
70 %, in order to avoid discharge interference between 
the adjacent lines L or display electrode pairs when 
there are no barriers between the adjacent lines L or 
display electrode pairs. In other words, barriers between 
adjacent lines L or display electrode pairs are not nec- 
essary and can be eliminated if said electrode occupy 
ratio is selected to be not more than 70 % of the entire 
width of a unit luminescent area EU. 

Fig. 1 1 shows the firing voltage and the minimum 
sustain voltage Vg^ when said electrode occupy ratio is 
varied. As seen in Fig. 11, if the electrode occupy ratio 
exceeds over about 0.7, the firing voltage Vf is de- 
creased and erroneous discharge between the adjacent 
lines of display electrodes may easily occur, but if the 
electrode occupy ratio is not more than about 0.7, the 
discharge is stable. If the electrode occupy ratio is not 
more than about 0.7, the minimum sustain voltage 
is also stable. If the electrode occupy ratio is more than 
about 0.7, the minimum sustain voltage Vg^ is raised 
by discharge interference between adjacent lines L. 
Thus, a stable discharge operation or a wide operating 
margin can be obtained by selecting the electrode oc- 
cupy ratio to be not more than about 0,7. 

It is apparent that by eliminating barriers between 
adjacent unit luminescent areas defined along the ex- 
tending direction of address electrodes, the effective 
display area and the brightness of the display can be 
improved and fabrication process becomes very easy. 

Nevertheless, if the width of each of the display 
electrodes X and Y is less than about 20 pm, the elec- 
trodes tend to be broken and the electrode occupy ratio 
should preferably be not less than about 0.15. 



Furthermore, in the embodiments of Figs. 2 and 8, 
the discharge spaces are defined only by the barriers 
29, in contrast to the embodiment of Fig. 7 where the 
discharge spaces are defined by the barriers 1 9 and 29 
5 formed on both substrates 11 and 21. This permits the 
tolerance of the patterns of the barriers 29 to be en- 
larged significantly. For example, in the embodiment 
where the discharge spaces are defined by the barriers 
19 and 29 formed on both substrates 11 and 21 , if the 
to unit luminescent area EU has a pitch of 220 jim, the tol- 
erance of the patterns of each of the barriers 19 and 29 
should be very severe, ± about 8 fim. In contrast, if the 
barriers 29 are made only on one side, the tolerance of 
the patterns thereof may be about some hundreds of |^m 
15 and the pattern alignment is significantly simplified and 
even a cheap glass substrate having significant shrink- 
age during firing may be used. 

Fig. 12 shows the relationships between the firing 
voltage V, and the minimum sustain voltage Vg^ with 
20 the distance between the top of the barriers 29 and the 
protecting layer 18 of the opposite side substrate 11. 
The distance between the top of the barriers 29 and the 
protecting layer 1 8 of the opposite side substrate 1 1 was 
determined by measuring the difference in the height of 
25 the barriers 29 by the depth of focus through a metallur- 
gical microscope. In the measured panel, the barriers 
29 had top portions having a width larger than IS 

It is seen from Fig. 1 2 that if the distance between 
the top of the barriers 29 and the protecting layer 18 of 
30 the opposite side substrate 11 is more than 20 ^im, it is 
difficult to obtain a wide margin. Accordingly, if said dis- 
tance is not more than 20 ^im, and preferably not more 
than 10 ^im, a wide margin can be obtained. To attain 
this, it is preferred that the difference in height of the 
35 barriers be within ± 5 jim. 

Such a uniform height of barriers may be obtained 
by a method of forming a layer with a uniform thickness 
followed by etching or sand blasting the layer to form 
the barriers. 

40 Further, it was found that the top portions of the bar- 
riers should preferably be made flat. Fig. 13 shows the 
relationship between the firing voltage and minimum 
sustain voltage Vg^^, and the width of the top flat portions 
of the barriers. The barriers having flattop portions were 

45 made by the above etching method. In Fig. 13 V, (N) 
represents the maximum firing voltage, V^l ) represents 
the minimum firing voltage, Vsm(N) repersents the max- 
imum of the minimum sustain voltage, and Vg^ (1 ) rep- 
resents the minimum of the minimum sustain voltage. 

50 As seen in Fig. 13, if the width of flat top portions of the 
barriers is not less than 7.5 |j.m. and more preferably not 
less than 15 ^im, a wide margin can be obtained. 

Such flat top portions of the barriers may be ob- 
tained by polishing the top portions of the barriers. This 

55 polishing also serves to obtain barriers with a uniform 
height, 

In accordance with the present invention, the phos- 
phor layers 28 are formed so as to cover the address 
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electrodes 22 or A and side walls of the barriers so that 
the effective luminescent area is enlarged. In the con- 
ventional erase addressing method as shown in Fig. 5 
for a panel as shown in Fig.4, electric charges on the 
phosphors or the insulators are not sufficiently cancelled 
or neutralized and erroneous addressing may occur. Ac- 
cordingly, a drive method for successfully treating the 
electric charges is required. 

In accordance with an aspect of the present inven- 
tion, this problem is solved by providing an ac plasma 
display panel in which the phosphor layers cover the ad- 
dress electrodes with an erase address type drive con- 
trol system by which once alt of the image elements cor- 
responding to the display electrodes are written, an 
erase pulse is applied to one of the pair of the display 
electrodes and simultaneously an electric field control 
pulse for neutralizing the applied erase pulse is selec- 
tively applied to the address electrodes. 

In this erase address system, a discharge between 
the address electrodes 22 and the display electrodes X 
and Y does not occur and therefore wall charges that 
prevent the addressing are not stacked on the phosphor 
layers 28 exsisting between the address electrodes 22 
and the discharge spaces 30. 

In another embodiment, there is provided a write 
address type drive control system by which, in display- 
ing a line corresponding to a pair of the display elec- 
trodes, a line select pulse is applied to one of the pair 
of the display electrodes and simultaneously an electric 
field address pulse for writing is selectively applied to 
the address electrodes. 

In a further embodiment, the above write address 
type drive control system is constituted such that in dis- 
playing a line corresponding to a pair of the display elec- 
trodes, all of the image elements corresponding to the 
display electrodes are once subject to writing and eras- 
ing discharges to store positive electric charges on said 
phosphor layers and negative electric charges on said 
dielectric layer. 

In these write address type drive control systems, 
the stack of charges on the address electrodes 22 or A 
permits addressing by a selective discharge pulse PA 
having a low voltage height Va and by stacking positive 
charges on the address electrodes 22 or A prior to the 
addressing, the electric potential relationships between 
the respective electrodes during the display period CH 
can be made advantageous in preventing ion bombard- 
ment to the phosphor layers 28. 

Fig. 14 is a block diagram schematically showing 
the construction of an example of a plasma display de- 
vice of the above embodiment. The plasma display de- 
vice 1 00 comprises a plasma display panel 1 and a drive 
control system 2. The plasma display panel 1 and drive 
control system 2 are electrically connected to each other 
by a flexible printed board, not shown. 

The plasma display panel 1 has a structure as 
shown in Fig. 2. 7 or 8. Fig. 1 5 schematically shows the 
electode construction of the plasma display panel 1 . 



The drive control system 2 comprises a scan control 
part 1 1 0, an X electrode drive circuit 1 41 corresponding 
to the X display electodes, a Y electrode drive circuit 
1 42 corresponding to the Y display electodes and an A 
s electrode drive circuit 1 43 corresponding to the address 
electodes A or 22. an A/D converter 120, and a frame 
memory 130 

The respective drive circuits 141 to 1 43 comprise a 
high voltage switching element for discharge and a logic 

JO circuit for on-off operation of the switching element and 
apply predetermined drive voltages, i.e., the discharge 
sustain pulse PS, the writing pulse PW, erasing pulse 
PD and electric potential control pulse PC to respective 
electrodes X, Y and A in accordance with the control by 

IS the scan control part 110. 

The A/D converter 120 converts the analog input 
signals externally given as display information to the im- 
age data of digital signals by quantitization. The frame 
memory 1 30 stores the image data for one frame output 

20 from the A/D converter 1 20. 

The scan control part 110 controls the respective 
drive circuits 141 to 143 based on the image data for 
one frame stored in the frame memory 130, in accord- 
ance with the erase address system described below. 

25 The scan control part 110 comprises a discharge 
sustain pulse generating circuit 1 1 1 , a writing pulse gen- 
erating circuit 112, an erasing pulse generating circuit 

1 1 3, and an electric field control pulse generating circuit 

114, which generate switching control signals corre- 
30 sponding to the respective pulses PS, PW, PD and PC. 

In this plasma display device 1 00. the matrix display 
is performed by an erase address system in which se- 
lective erasing is carried out without selective discharge. 
Fig. 16 is the voltage wavefomn showing the driving 

3S method for the plasma display device 100. 

For the plasma display device 100, in the initial ad- 
dress cycle CA in the line display period T. in the same 
manner as in the prior art as shown in Fig. 5, a dishcarge 
sustain pulse PS is applied to the display electrode Y 

40 and simultaneously a writing pulse Is applied to the dis- 
play electrode X. In Fig. 16, the inclined line In the dish- 
carge sustain pulse PS indicates that It Is selectively ap- 
plied to lines. By this operation, all surface discharge 
cells are made to be in a written state. 

4S After the dishcarge sustain pulses PS are alternate- 
ly applied to the display electrodes X and Y to stabilize 
the written states, and at an end stage of the address 
cycle CA, an erase pulse PD is applied to the display 
electrode Y and a surface discharge occurs, 

so The erase pulse PD is short in pulse width, 1 |j.s to 
2 (IS. As a result, wall charges on a line as a unit are lost 
by the discharge caused by the erase pulse PD. How- 
ever, by taking a timing with the erase pulse PD, a pos- 
itive electric field control pulse PC having a wave height 

ss Vc is applied to address electrodes A or 22 correspond- 
ing to unit luminescent areas EU to be illuminated in the 
line. In Fig. 16, the inclined line in the electric field control 
pulse PC indicates that it is selectively applied to the 
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respective unit luminescent areas EU in the line. 

In the unit luminescent areas EU where the electric 
field control pulse PC is applied, the electric field due to 
the erase pulse PD is neutralized so that the surface 
discharge for erase is prevented and the wall charges 
necessary for display remain. Namely, addressing is 
performed by a selective erase in which the written 
states of the surface discharge cells to be illuminated 
are kept. 

In this addressing, since no discharge occurs be- 
tween the address electrodes A or 22 and the display 
electrodes X and Y. wall charges that prevent the ad- 
dressing are not stacked on the phosphor layers 28 
even if the phosphor layers 28 that are insulative exist 
on the address electrodes A or 22. Accordingly, errone- 
ous Illumination is prevented and an adequate display 
can be realized. 

In the display period CH following the address cycle 
CA, the discharge sustain pulse PS is alternately ap- 
plied to the display electrodes X and Y to illuminate the 
phosphor layers 28. The display of an image is estab- 
lished by repeating the above operation for all line dis- 
play periods. 

Fig. 1 7 is a block diagram showing the construction 
of another example of a plasma display device 200; Fig 
1 8 shows the voltage waveform of a drive method of the 
plasma display device 200; and Figs. 19A to 19H are 
schematic sectional views of the plasma display panel 
^^°^'"9jhe charge stack states at the timing (a) to (h) 

The plasma display device 200 comprises a plasma 
display panel as illustrated in Fig. 2. 7 or 8 and a drive 
control system 3 for driving the plasma display device 
200. 

The drive control system 3 comprises a scan control 
part 210 in which a discharge sustain pulse generating 
circuft 211 and a selective discharge pulse generating 
cfrcu ft 2 1 4 are provided. 

In this plasma display device 200. the matrix display 
IS performed by a write addressing system. 

Referring to Fig. 18, in the display of a line, a dis- 
charge sustain pulse PS is selectively applied to the dis- 
play electrode Y and a selective discharge pulse PA is 
selectively applied to the address electrodes A or 22 cor- 
responding to unit luminescent areas EU to be illuminat- 
ed in the line depending on the image. By this, opposite 
discharges between the address electrodes A or 22 and 
the display electrode Y or selective discharges occur, 
so that the surface discharge cells C are set into written 
states and the addressing finishes. 

In this example, however, prior to the addressing 
the charge stack state for alleviating the ion bombard- 
ment damage to the phosphor layers 28 has been 
formed in the manner as described below. 

First, at a normal state, a positive discharge sustain 
voltage Vs has been applied to the display electrodes X 
and Y so that the pulse base potential of the display elec- 
trodes X and Y is made positive. 



At an initial stage of the address cycle CA a writing 
pulse PW is applied to the display electrode X so as to 
make the potential thereof a predetermined negative po- 
tential, -Vw. 

5 As a result, as shown in Fig. 1 9A, a positive charge 

I.e., ions of discharge gas, having a polarity opposite to 
that of the applied voltage, is stacked on the portion of 
the dielectric layer 17 above the display electrode X 
(hereinafter referred to as "portion above the display 
10 electrode X") and a negative charge is stacked on the 
portion of the dielectric layer 17 above the display elec- 
trode Y (he reinafter referred to as "portion above the dis- 
play electrode Y"). As a result of the relative electric field 
relationships of the address electrodes A or 22 and the 
IS display electrodes X and Y, a negative charge is stacked 
on a portion of the phosphor layers 28 that covers the 
address electrodes A or 22 and opposes the display 
electrode X and a positive charge is stacked on a portion 
20 t°rLde^r°^^^''' '^^^'^ ^^^^ opposes the display elec- 
Next the display electrode X is retumed to the pulse 
base potential and the display electrode Y is made to 
beat the ground potential, i.e.. zero volts. Namely a dis- 
charge sustain pulse PS is applied to the display elec- 
2S trode Y At this time, as shown in Fig. 1 9B. the polarities 
of the charges of the portions above the display elec- 
trodes X and Y are reversed by the surface discharge 
and the charge on the portion of the phosphors 28 above 
the address electrode A or 22 that opposes the display 
30 electrode X is reversed to positive. 

Then, after a discharge sustain pulse PS is applied 
to the display electrode X. the display electrode Y is re- 
tumed to the pulse base potential to reverse the polari- 
ties of the charges on the portions above the display 
55 electrodes X and Y. as shown in Fig. 1 9C. 

While a discharge sustain pulse PS is applied to the 
display electrode X or the display electrode X is the 
ground potential, a discharge sustain pulse PS is also 
applied to the display electrode Y and the display elec- 
ta trodes X and Y are retumed to the pulse base potential 
in this order with a vert short timing difference (t) of about 
1 us. As a result, a surface discharge occurs at the time 
when the display electrode X is retumed to the pulse 
base potential, but after said very short time (t). the dis- 
45 play electrodes X and Y attain the same potential and 
the surface discharge immediately stops so that the 
charges on the portions above the display electrodes X 
and Y are lost. 

Nevertheless, then, since the pulse base potential 
50 ,s positive and a potential difference appears between 
the display electrodes X and Y and the address elec- 
trodes A or 22. a negative charge is uniformly stacked 
on the portions above the display electrodes X and Y 
and a positive charge is uniformly stacked on the por- 
S5 tions above the address electrodes A or 22, as shown 
in Fig. 1 9D. in this state, the cells are in the erased state 
In this way. the charge stack state is formed for all 
surface discharge cells C corresponding to one line At 
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an end stage of the address cycle CA, a surface dis- 
charge occurs between the address electrodes A or 22 
and the display electrode Y. As a result of the opposite 
discharge, a positive charge is stacked on the portion 
above the display electrode Y and negative charges are 
stacked on the portion above the display electrode X 
and on the portions above the address electrodes A or 
22. 

In the following display cycle CH, a discharge sus- 
tain pulse PS is alternately applied to the display elec- 
trodes X and Y to illuminate the phosphor layers 28. dur- 
ing which the surface discharge occurs at every in- 
stance when one of the display electrodes X and Y be- 
comes a negative potential to the putse base potential 
and at the time of generating the surface discharge, the 
address electrodes A or 22 in the state of capacitor cou- 
pling with the display electrodes X and Y become a 
positve potential relative to the negative potential of the 
display electrodes X and Y As a result, movement of 
positive charges, i.e., ions, toward the address elec- 
trodes A or 22 is prevented so that the ion bombardment 
to the phosphors 28 is alleviated. 

In the display cycle CH, the polarities of the charges 
on the portions above the display electrodes X and Y 
and the address electrodes A or 22 are changed as 
shown in Figs. 19Fto 19H. 

In the write address system, since the address fin- 
ishes by the discharge at a rising edge of the selective 
discharge pulse PA, in contrast to the erase address 
system where the address finishes by the setf -erase dis- 
charge immediately after the selective discharge putse 
PA, disadvantageous effects of the stack of charges on 
the portions above the address electrodes A or 22 do 
not appear and the address is stabilized even by the wall 
charges when the selective discharge pulse PA has a 
voltage height Va that Is low. 

The full color display can be attained by performing 
the above operation to each of the three primary color 
luminescent areas EU. The graded display can be at- 
tained by adequately selecting the number of the sur- 
face discharge during respective divided periods. 

In the above embodiments, the discharge can be 
stabilized even when the phosphor layers 28 are formed 
to cover the address elecrodes A or 22 and thus im- 
provement of the brightness of display and the viewing 
angle can be attained. The results are shown in Figs. 9 
and 10. 

The phosphor layers are typically coated on a sub- 
strate by a screen printing method, which is advanta- 
geous in productivity compared to the photolithography 
method and effectively prevents inadvertent mixing of 
different color phosphors. Conventionally, the typical 
phosphor paste contains a phosphor in an amout of 60 
to 70 % by weight and a square squeezer is used at a 
set angle of 90°. 

Nevertheless, in a preferred embodiment of the 
present invention, the phosphor layers 28 are coated not 
only on the surface of a substrate 21 but also on side 



walls of barriers 29 having a height of, for example, 
about 100 nm, which necessitates the dropping of a 
phosphor paste from a screen set at a height of about 
100 Jim above the surface of the substrate 21 onto the 

s surfaceof the substrate 21 and makes a uniform printing 
area and thickness difficult. The nonuniform printed ar- 
ea and thickness of the phosphors degrade the display 
quality, e.g. by creating uneven brightness or color 
tones, and make the discharge characteristic unstable. 

10 Fig. 20 shows an ideal coating, i.e., the uniform 
coating of a phosphor layer 28 on the side walls of bar- 
riers 29 and on the substrate 21 and the address elec- 
trode 22. 

The present invention solves this problem by a 

T5 process comprising forming barriers on a substrate, 
screen printing phosphor pastes so as to fill the cavity 
formed between the barriers on the substrate with the 
phosphor pastes and then firing the phosphor pastes so 
as to reduce the volume of the phosphor pastes, form 

20 recesses between the barriers on the substrate, and 
form phosphor layers covering, almost entirely, the skile 
walls of the barriers and the surface of the substrate. In 
this process, the amount of the filled phosphor pastes 
is determined by the volume of the cavity between the 

2s barriers on the substrate and is therefore constant. 
Thus, a uniform printing or coating can be made. 

The thickness of the phosphor layer obtainable after 
firing is almost in proportion to the content of the phos- 
phor in the phosphor paste, as shown in Fig. 21 . On the 

30 other hand, the brightness of the display is increased as 
the thickness of the phosphor layer is thickened up to 
about 60 pm and a practically adequate brightness is 
obtained by a thickness of the phosphor layer of about 
10 pm or more. On the other hand, as the thickness of 

35 the phosphor layer is increased, the selective discharge 
initiation voltage is also increased and if the thickness 
of the phosphor layer is over 50 |j.m, selective discharge 
becomes difficult in a drive voltage margin. Accordingly, 
the thickness of the phosphor layer is preferably 10 to 

40 50 pm. This suggests that a phosphor paste having a 
content of a phosphor of 1 0 to 50 % by weight be used. 

Referring to Figs. 22A to 22G, first, on a glass sub- 
strate 21, address electrodes 22 of, e.g., silver about 60 
pm thick and barriers 29 of a low melting point glass 

45 about 130 lam high are formed by the screen printing 
method, respectively. Here, for example, a screen mask 
in which openings having a width, for example, about 
60 pm are arranged at a constant pitch (p), for example, 
220 pm is used for printing a silver paste and a glass 

50 paste to form the address electrodes 22 and the barriers 
29. in this case, the address electrodes 22 would have 
a width of about 60 to 70 pm and the barriers 29 would 
have a bottom width { w^ ) of about 80 pm and a top width 
(W2) of about 40 pm. 

55 As shown in Fig. 22A, a screen 80, in which open- 
ings 81 having a predetermined width are formed at a 
pitch triple the pitch (p) is arranged over the glass sub- 
strate 21 so as to contact the tops of the barriers 29 and 
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adequately align the glass substrate 21 

Then a phosphor paste 28a comprising a phosphor 
having a predetermined luminescent color, for example, 
red, and a vehicle is dropped through the openings 81 
into the space between the barriers 29. The used phos- 
phor paste 28a has a content of phosphor of 1 0 to 50 % 
by weight, in order to make the thickness of the phos- 
phor layer 28 not more than 50 i^m. The vehicle of the 
phosphor paste 28a may comprise a cellulose or acryfic 
resin thickner and an organic solvent such as alcohol or 
ester. 

In addition, the phosphor paste 28a is pushed as 
much as possible toward the space between the barriers 
29, in order to substantialy fill the space. To attain this, 
a square squeezer 82 is used and the set angle 9 is set 
to 70 to 85*. 

The square squeezer 82 is, for example, a hard rub- 
ber in the form of a bar having a rectangular and usually 
square cross section attached to a holder 83. A practical 
square squeezer 82 has a length (d) of the diagonal line 
in the cross section of about 10 to 15 mm. 

The set angle 6 of the square squeezer 82 is an an- 
gle formed by a line connecting the contact point and 
the center of the square squeezer 82 with the surface 
of the screen mask 80 in the direction of movement of 
the square squeezer 82 from the contact point, when 
the square squeezer 82 makes contact with the screen 
mask 80 at a point and moves in the direction of the ar- 
row Ml while maintaining contact. When the set angle 
is 70" to 85*, a cross angle of the surface of the screen 
mask 80 and the surface facing the screen mask 80 of 
the square squeezer 82 is 25° to 40° , which is smaller 
than 45" when the set angle is conventionally set to 90". 
As a result, a force applied to the phosphor paste 28a 
is increased and a larger amount of the phosphor paste 
28a can be extruded from the openings 81 into the spac- 
es between the barriers. 

Then, the other phosphor pastes, for green (G) and 
blue (B) luminescences, are also filled in the predeter- 
mined spaces between the barriers 29 In order. The 
phosphor pastes have a content of phosphor of 1 0 to 50 
% by weight. Thus, all spaces between the barriers 29 
are filled with predetermined phosphor pastes 28a (R, 
G and B), as shown in Fig. 22B. 

The phosphor pastes 28a (R, G and B) are then 
dried and fired at a temperature of about 500 to 600 **C. 
Thereby, the vehicle evaporates and the volumes of the 
phosphor pastes 28a are decreased significantly so 
that the phosphor layers 28 having almost ideal forms 
as shown in Fig. 22C are obtained. 

Of course, the content of the phosphor in the phos- 
phor paste 283 may be adequately selected depending 
on the volume of the space between the barriers, the 
area of the innersurface of sid space, the desired bright- 
ness and discharge characteristics, and other condi- 
tions. 

Fig. 23 is a perspective view of a plasma display 
panel in which H denotes the display surface, EH de- 



notes the display area or discharge area, 11 and 21 de- 
note the glass substrates, and 22 denotes the address 
electrodes. The display electrodes X and Y are similarly 
formed but not shown. After the predetermined ele- 

5 ments are formed thereon, the glass substrates 11 and 
21 are faced and assembled together, sealed along the 
periphery, evacuated inside and filled with a discharge 
gas. This panel is electrically connected with an external 
drive circuit, not shown, through a flexible printed board 

10 or the like, not shown. The ends of the respective elec- 
trodes are enlarged and each of the glass substrates 11 
and 21 extends from the other one of the substrates at 
opposite sides, so that the enlarged portions of the elec- 
trodes are disposed on the extentded portions for con- 

is necting with outer leads. 

Now referring to Figs. 24A and 24B, the address 
electrodes 22 and barriers 29 on the glass substrate 21 
are typically formed in a process comprising the steps 
of first printing patterns 22a of the address electrodes 

20 of, e.g. , a silver paste through a screen printing, second 
repeatedly printing patterns 29a of the barriers of, e.g., 
a glass paste until a predetermined thickness through a 
screen printing, and then firing the patterns 22a and 29a 
together. The patterns 22a of the silver paste may be 

25 fired before the printing of the patterns 29a of the glass 
paste. 

In this process, it is difficult to make an alignment 
of the address electrodes 22 and barriers 29 because 
of size dispersion of the printing mask and it is difficult 

30 to manufacture a very fine and large-sized panel. 

Printing masks have a size dispersion of mask pat- 
terns caused by the limitation of mask manufacturing 
processes. For example, if the address electrodes 22 
have a length L of 40cm, the size dispersion of the mask 

35 patterns from one end strip pattern to the other end strip 
pattern may be ± about 50 (im. The total of these size 
dispersions of the printing masks for the address elec- 
trodes 22 and the barriers 29 may be 100 ^m at maxi- 
mum. The size dispersion becomes larger as the print- 

40 ing mask becomes larger. 

Accordingly, if one end of the glass substrate 21 is 
used as the alignment reference, the difference of the 
pitch of the printing mask for the barriers 29 is added 
with the difference of the pitch of the printing mask for 

45 the address electrodes 22 at the other end of the glass 
substrate 21 and accordingly, the alignment between 
the address electrodes 22 and the barriers 29 is degrad- 
ed significantly. Therefore, the alignment of the printing 
masks is finely adjusted so as to obtain a uniform distri- 

50 bution of the patterns, but it is not easy to avoid overlaps 
between the address electrodes 22 and the barriers 29. 
If the size dispersion of the patterns is large, the fine 
adjustment of the masks cannot be effective. 

The present invention solves the above problem by 

55 a process of printing a material for main portions of the 
address electrodes with a printing mask, separately 
printing a materia! for end portions of the address elec- 
trodes for connecting with outer leads, and then printing 
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a material for the barriers with the same printing mask. 

Since the patterns of the main portions of the ad- 
dress electrodes and the patterns of the barriers are 
printed using the same printing mask, the pitches of the 
main portions of the address electrodes and the corre- 
sponding pitches of the barriers cannot be different, ir- 
respective of the size dispersion of the patterns of the 
printing mask. Accordingly, the main portions of the ad- 
dress electrodes and the barriers can be easily aligned 
by simply parallel shifting the printing mask a certain dis- 
tance. 

Now referring to Fig. 25A. silver paste patterns 
22Ba for connecting portions 22B of address electrodes 
22 are printed on a glass substrate 21 with a printing 
mask, not shown. The connecting portions 22B of ad- 
dress electrodes 22 are disposed outside the display ar- 
ea EH and comprise, for example, enlarged portions 91 
for external connection and portions 92 for connecting 
with the main portions of the address electrodes 22, as 
shown in Fig. 25A. 

tn this example, the connecting portions 22B are ar- 
ranged outside the display area EH for alternate ones 
of the address electrodes 22 on respective sides. That 
is, the printing mask has such a pattern that the con- 
necting portions 22B are arranged on either side at a 
pitch of double said pitch of the address electrodes 22. 
The width of the portions 92 at an end of the con- 
necting portions 22B for connecting with the main por- 
tions 22A of the address electrodes 22 is made larger 
than the width w^q main portions 22A of the ad- 

dress electrodes 22, thereby making alignment of these 
portions 92 and 22 A easy. 

After the silver paste 22Ba is dried, silver paste pat- 
terns 22Aa for the main portions 22A of the address 
electrodes 22 are printed using a printing mask as 
shown in Fig. 25B on the glass substrate 21 so as to 
partially overlap with the silver paste patterns 22Ba. as 
shown in Fig. 25C. 

The main portions 22A of the address electrodes 22 
include a discharge portion defining the discharge cells 
in the display area EH and minor portions extending out- 
side the display area EH from the discharge portion. 

The printing mask 90 has a mask pattern compris- 
ing a plurality of strip openings 95 for the main portions 
22A of the address electrodes 22. The openings 95 have 
a width w^Q of, e.g., 60 ^m, and a pitch of, e.g., 220 ^im. 
These sizes are design sizes and therefore the actual 
size may be slightly different depending on manufactur- 
ing. 

Alternate ones of the openings 95 extrude from the 
adjacent openings 95 a distance (d) to make the align- 
ment with the connecting portions 22B or the silver paste 
patterns thereof 22Ba easy. 

Then, the printing mask 90 is cleaned by removing 
the adhered silver paste with a solvent or the like. Again 
using the same printing mask 90, low melting point glass 
paste patterns 29a for the barriers 29 are printed in a 
lamination manner several times, as shown in Fig. 25D 



At this time, the printing mask 90 can be placed at 
a location that is parallel shifted by half of the pitch (p) 
from the location when it was placed for printing the main 
portions 22Aa of the address electrodes, with the glass 

5 substrate 21 as a reference. Accordingly, the mask 
alignment can be substantially eliminated. 

Then, the silver paste patterns 22Aa and 22Ba and 
the low melting point glass paste patterns 29a are fired 
together to form the address electrodes 22 and the bar- 

10 riers 29, as shown in Fig. 25D. Fig. 25E corresponds to 
a portion B8 enclosed by the two-dotted-line in Fig. 25D. 

When the width w^q openings 95 of the print- 
ing mask 90 is made to be 60 jim, the practically ob- 
tained address electrodes 22 have a width of about 60 

IS to 70 |im, and the practically obtained barriers 29 have 
a width of about 80 |j.m. 

In the above example, since a display is not dis- 
turbed by overlap of the barhers 29 with the connecting 
portions 22B, the width of the portions 92 of the connect- 

20 ing portions 22B may be sufficiently enlarged, for exam- 
ple, to the same width as that of the enlarged portions 
91 so that the alignment of the connecting portions 22B 
and the main portions 22A of the address electrodes 22 
can be made easier. 

2S It is apparent that the materials for the address elec- 
trodes or the barriers may vary. 

Claims 

30 

1. A color surface discharge type plasma display de- 
vice comprising : 

a first substrate (11) and a second substrate 
35 (21) facing each other, and defining a space 

therebetween in which a discharge gas is filled, 
said first substrate being provided, on an inner 
surface thereof facing said second substrate, 
with : 

40 

a plurality of pairs of mutually parallel dis- 
play electrodes (X, Y), each pair of display 
electrodes defining a display tine (L) and 
constituting an electrode pair for surface 
45 discharge, and 

a dielectric layer (17) covering said display 
electrodes ; 

said second substrate being provided, on an in- 
so ner surface thereof facing said first substrate, 

with : 

a plurality of address electrode lines (22) 
insulated from the display electrodes and 
55 running in a direction intersecting the dis- 

play electrodes ; 

barriers (29) provided between adjacent 
ones of said address electrodes and paral- 
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lei therewith ; and 

phosphor layers (28R, 28G, 28B) forming 
a linear pattern in groups of three phosphor 
layers, different fronn each other in lumi- 
nescent color, arranged successively and 
repeatedly so that said pattern repeats in 
the longitudinal direction of said display 
lines, sard phosphor layers being formed 
between adjacent said barriers and ex- 
tending continuously along each of said 
address electrodes facing the display elec- 
trodes, 

whereby the plasma discharge space be- 
tween said first and second substrates forms 
an array of image elements, each comprised of 
three successive phosphor layers of different 
colors and a display line (L) defined by a pair 
of display electrodes. 

2. A device according to claim 1 , wherein said innage 
element has an area of almost a square and each 
of said three phosphor layers {28R. 28G, 28B) has 
a rectangular shape that is obtained by dividing said 
square of the image element and is long in a direc- 
tion perpendicular to said display electrodes (X. Y). 

3. A device according to claim 1 or 2, wherein said first 
substrate {11 ) is transparent so as to be disposed 
on the side (H) facing a viewer compared with said 
second substrate (21) having the phosphor layers 
(28R, 28G, 28B). 

4. A device according to claim 3, wherein said display 
electrodes (X, Y) have partial cutouts in such a 
shape that the surface discharge is localized to a 
portion between the display electrodes (X, Y) with- 
out the cutout in each unit luminescent area. 

5. A device according to any one of claims 1 to 4, 
wherein the total width of a pair of the display elec- 
trodes (X, Y) and a gap for discharge formed be- 
tween said pair of the display electrodes is less than 
70% of a pitch of said pairs of display electrodes (X, 
Y). 

6. A device according to any one of claims 1 to 5, 
wherein said barriers (29) have side walls and said 
phosphor layers (28R, 28G, 28B) extend to and al- 
most entirety cover the side walls of said barriers. 

7. A device according to any one of claims 1 to 6, 
wherein said address electrodes (22) exist on a face 
of the second substrate {21 ) opposite to said display 
electrodes (X, Y) and said address electrodes (22) 
are entirely covered with said phosphor layers 
(28R, 2eG, 28B) 



8. A device according to any one of claims 1 to 7, fur- 
ther comprising an underlying layer (23) of a low 
melting point glass, containing a light color colorant, 
formed on said second substrate {21 ), said address 

5 electrodes (22) being formed on said underlying 

layer (23). 

9. A device according to any one of claims 1 to 8, 
wherein at least part of said barners (29) comprises 

10 a low melting point glass containing a light color col- 
orant. 

10. A device according to any one of claims 1 to 9, 
wherein said barriers (29) comprise a low melting 

15 point glass containing a dark color colorant in a top 
portion thereof and a low melting point glass ad- 
mixed with a light color colorant in the other portion 
thereof. 

20 11. A device according to any one of claims 1 to 10, 
further comprising an erase address type drive con- 
trol system by which, once all of the image elements 
corresponding to the display electrodes (X, Y) are 
written, an erase puise is applied to one of the pair 

25 of the display electrodes (X, Y) and simultaneously 
an electric field control pulse for neutralizing the ap- 
plied erase pulse is selectively applied to the ad- 
dress electrodes (22). 

30 12. A device according to any one of claims 1 to 11, 
further comprising a write address type drive control 
system by which, in displaying a line corresponding 
to a pair of the display electrodes {X, Y), a discharge 
display pulse is applied to one of the pair of the dis- 

35 play electrodes (X, Y) and simultaneously an elec- 
tric field control pulse for writing is selectively ap- 
plied to the address electrodes (22). 

13. A device according to claim 12, wherein said write 
40 address type drive control system is constituted 

such that in displaying a line corresponding to a pair 
of the display electrodes {X, Y). once all of the im- 
age elements corresponding to the display elec- 
trodes (X, Y) are subject to writing and erasing dis- 

45 charges, to store positive electric charges above 
said phosphor layers and negative electric charges 
above said dielectric layer, an electric discharge 
display pulse is applied to one of the pair of the dis- 
play electrodes {X, Y) to make said one of the pair 

so of the display electrodes (X, Y) negative in etectrk; 
potential relative to the other of the pair of the dis- 
play electrodes, and an electric discharge pulse is 
selectively applied to the address electrodes (22) to 
make the address electrodes positive in electric po- 

55 tential relative to said one of the pair of the display 
electrodes (X. Y). 

14. A device according to any one of claims 1 to 13, 
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wherein each of said display electrodes (X, Y) com- 
prises a combination of a transparent conductor line 
(41 ) and a metal tine (42) in contact with said trans- 
parent conductor line (41 ) and having a width nar- 
rower than that of the transparent conductor line 
(41) and is disposed on the side of a viewer com- 
pared to the phosphor layers (28R, 28G, 288). 

15. A device according to any one of claims 1 to 14, 
wherein said barriers (29) extend from and are fixed 
only to said second substrate (21). 

16. A device according to any one of claims 1 to 14, 
wherein each of said barriers is formed by a first 
barrier portion (19) formed on the first substrate (11 ) 
and a second barrier portion (29) formed on the sec- 
ond substrate (21 ). 

17. A device according to claim 1 5, wherein said barri- 
ers (29) have a difference in height within 10 ^m. 

18. A device according to claim 15 or 17, wherein said 
barriers (29) have a flat top surface. 

19. A process for manufacturing a color surface dis- 
charge plasma display device as set forth in any one 
of claims 1 to 18, in which said address electrodes 
(22) and said barriers (29) are parallel to each other 
and said address electrodes (22) comprise a main 
portion (22A) for display parallel to said barriers (29) 
and a portion (22B) at an end of said main portion 
(22A) for connecting outer leads, said process com- 
prising the steps of: 

printing a material for forming said main por- 
tions (22A) of the address electrodes (22) using 
a printing mask; 

printing a material for forming said outer lead- 
connecting portions (22B), and 
printing a material for forming said barriers (29) 
using said printing mask used for printing said 
material for forming the main portions (22 A) of 
the address electrodes (22). 

20. A process for manufacturing a color surface dis- 
charge plasma display device as set forth in claim 
6, comprising the steps of: 

forming said barriers (29) on said second sub- 
strate (21 ); 

almost filling gaps between said barriers (29) 
above said second substrate (21 ) with a phos- 
phor paste, 

firing said phosphor paste to reduce the volume 
of said phosphor paste and thus to form recess- 
es between said barriers (29) and to form a 
phosphor layer (28R, 28G, 28B) covering al- 
most the entire surfaces of side walls of said 



barriers (29) and overlying said second sub- 
strate (21) between said barriers (29). 

21 . A process according to claim 20, wherein said phos- 
5 phor paste comprises a phosphor in an amount of 

10 to 50% by weight. 

22. A process according to claim 20, wherein said filling 
of said phosphor paste is performed by screen print- 

10 ing said phosphor paste into said gaps with a 
square squeezer at a set angle of 70 to 85 degrees. 

Patentanspruche 

IS 

1. Plasmaanzeigeanordnung vom Farboberflachen- 
entladungstyp, mit: 

einem ersten Substrat (11) und einem zweiten 
20 Substrat (21), die einander zugewandt sind, 

und einen Raum begrenzen, in den Entla- 
dungsgas eingefullt ist, 

welches erste Substrat, an einer dem zweiten 
Substrat zugewandten Innenflache davon, ver- 
25 sehen ist mit: 

einer Vielzahl von Paaren zueinander par- 
alleler Anzetgeelektroden (X, Y), wobei je- 
des Paar von Anzeigeelektroden eine An- 
30 zeigezeile (L) definiert und ein Elektroden- 

paar fur eine Oberflachenentladung dar- 
stellt, und 

einer dielektrischen Schicht (17), die diese 
Anzeigeelektroden bedeckt; 

35 

und welches zweite Substrat, an einer dem er- 
sten Substrat zugewandten Innenflache davon, 
versehen ist mit: 

40 - einer Vielzahl von Adressenelektrodenzei- 

len (22), die von den Anzeigeelektroden 
isoliert sind und in einer die Anzeigeelek- 
troden schneidenden Richtung verlaufen; 
Sperren (29), die zwischen benachbarten 

45 der Adressenelektroden und parallel dazu 

vorgesehen sind; und 
Phosphorschichten (28R. 28G, 288), die 
ein lineares Muster in Gruppen von drei 
Phosphorschichten bilden, die sich vonein- 

50 ander in der Lumineszenzfarbe unter- 

scheiden, die auf einandertolgend und wie- 
derholt angeordnet sind, so daf3 sich das 
Muster in der Langsrichtung der Anzeige- 
zeilen wiederholt, wobei die Phosphor- 

55 schichten zwischen benachbarten der 

Sperren gebildet sind und sich kontinuier- 
lich entlang jeder der den Anzeigeelektro- 
den zugewandten Adressenelektroden er- 
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strecken, 

wodurch der Plasmaentladungsraum zwi- 
schen dem ersten und zweiten Substrat ein Array 
von Bildelementen bildet, von denen jedes aus drei 
aufeinanderfolgenden Phosphorschichten mit ver- 
schiedenen Farben und einer von einem Paar von 
Anzeigeelektroden definierten Anzeigezeile (L) be- 
steht. 

2. Anordnung nach Anspruch 1 , bei welcher das Bild- 
element nahezu einen Bereich eines Quadrats auf- 
weist. und jede der drei Phosphorschichten (28R, 
28G, 28B) etne rechteckige Form hat. die durch das 
Teilen des Quadrats des Bildelennents erhaften wird 
und deren Lange in einer zu den Anzeigeelektroden 
(X, Y) rechtwinkeligen Richtung veriauft. 

3. Anordnung nach Anspruch 1 oder 2, bei welcher 
das erste Substrat (11) transparent ist, so daR es 
an der Seite (H) angeordnet ist, die einem Betrach- 
ter zugewandt ist, verglichen mit dem zweiten Sub- 
strat (21) mit den Phosphorschichten (28R, 28G, 
28B). 

4. Anordnung nach Anspruch 3. bei welcher die An- 
zeigeelektroden (X, Y) teilweise Ausschnitte in ei- 
ner derartigen Form aufweisen, daB die Oberfla- 
chenentladung an einem Teil zwischen den Anzei- 
geelektroden (X, Y) ohne den Ausschnitt in jedem 
Lumineszenz-Einheitsbereich lokalisiert ist. 

5. Anordnung nach einem der Anspruche 1 bis 4, bei 
welcher die gesamte Breite eines Paars von Anzei- 
geelektroden (X. Y) und eines zur Entladung zwi- 
schen dem Paar der Anzeigeelektroden gebildeten 
Spalts weniger als 70 % des Abstands der Paare 
von Anzeigeelektroden betragt. 

6. Anordnung nach einem der Anspruche 1 bis 5, bei 
welcher die Sperren (29) Seitenwande aufweisen, 
und sk:h die Phosphorschichten (28R, 28G, 28B) 
zu den Seitenwanden der Sperren erstrecken und 
diese nahezu ganzlich bedecken. 

7. Anordnung nach einem der Anspruche 1 bis 6, bei 
welcher die Adressenelektroden (22) an einer Fla- 
che des zweiten Substrats (21 ) vorliegen. die den 
Anzeigeelektroden (X. Y) gegenOberliegt, und die 
Adressenelektroden (22) ganzlich mit den Phos- 
phorschichten (28R, 283, 28B) bedeckt sind. 

8. Anordnung nach einem der Anspruche 1 bis 7, fer- 
ner mit einer Unterlagsschicht (23) aus einem Glas 
mit niedrigem Schmelzpunkt, das ein Farbemittel 
mit heller Farbe enthalt, die auf dem zweiten Sub- 
strat (21) gebildet ist. wobei die Adressenelektro- 
den (22) auf dieser Unterlagsschicht gebildet sind. 



9. Anordnung nach einem der Anspruche 1 bis 8, bei 
welcher zumindest ein Teil der Sperren (29) ein 
Glas mit niedrigem Schmelzpunkt umfaBt. das ein 
Farbemittel mit heller Farbe enthatt. 

5 

10. Anordnung nach einem der Anspruche 1 bis 9. bei 
welcher die Sperren (29) ein Glas mit niedrigem 
Schmelzpunkt, das ein Farbemittel mit dunkler Far- 
be enthalt, in einem oberen Teil davon und ein Glas 

10 mit niedrigem Schmelzpunkt, das mit einem Farbe- 
mittel mit heller Farbe gemischt ist, im anderen Teil 
davon umfassen. 

1 1 . Anordnung nach einem der Anspruche 1 bis 1 0, fer- 
15 ner mit einem Treibsteuersystem vom Loschadres- 

sentyp, durch das, sobald alle der den Anzeigeelek- 
troden (X. Y) entsprechenden Bildelemente ge- 
schrieben sind, ein Loschimpuls an eine des Paars 
der Anzeigeelektroden (X, Y) angelegt wird, und 
20 glelchzeitig ein elekthscher Feldsteuerimpuls zum 
Neutralisieren des angelegten Lbschimpulses se- 
lektiv an die Adressenelektroden (22) angelegt 
wird. 

25 12. Anordnung nach einem der Anspruche 1 bis 11 , fer- 
ner mit einem Treibsteuersystem vom Schreib- 
adressentyp, durch das, beim Anzeigen einer Zeile. 
die einem Paar der Anzeigeelektroden (X, Y) ent- 
spricht, ein Entladungsanzeigelmpuls an eine des 

30 Paars der Anzeigeelektroden (X, Y) angelegt wird, 
und gleichzeitig ein elektrlscher Feldsteuerimpuls 
zum Schreiben selektiv an die Adressenelektroden 
(22) angelegt wird. 

35 13. Anordnung nach Anspruch 12, bei welcher das 
Treibsteuersystem vom Schreibadressentyp derart 
gebildet ist, da3 beim Anzeigen einer einem Paar 
der Anzeigeelektroden (X, Y) entsprechenden Zei- 
le. sobald alle der den Anzeigeelektroden (X, Y) 

40 entsprechenden Bildelemente Schreib- und Losch- 
entladungen ausgesetzt sind, um positive elektri- 
sche Ladungen uber den Phosphorschichten und 
negative elektrlsche Ladungen uber der dielektri- 
schen Schicht zu speichern, ein elektrischer Entla- 

45 dungsanzeigeimpuls an eine des Paars der Anzei- 
geelektroden (X, Y) angelegt wird. um diese eine 
des Paars der Anzeigeelektroden (X. Y) im elektri- 
schen Potential relativ zur anderen des Paars der 
Anzeigeelektroden (X. Y) negativ zu machen, und 

50 ein elektrischer Entladungsimpuls selektiv an die 
Adressenelektroden (22) angelegt wird, um die 
Adressenelektroden im elektrischen Potential rela- 
tiv zur einen des Paars der Anzeigeelektroden (X, 
Y) positiv zu machen. 

55 

1 4. Anordnung nach einem der Anspruche 1 bis 1 3, bei 
welcher jede der Anzeigeelektroden {X, Y) eine 
Kombination einer transparenten Leiterzeile (41) 
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und einer Metallzeile (42) in Kontakt mit der trans- 
parenten Leiterzeile (41) und mit einer schmaleren 
Brelte als jener der transparenten Leiterzeile (41) 
aufweist, und auf der Seite eines Betrachters ver- 
glichen mit den Phosphorschichten (28R, 28G, 5 
28B) angeordnet ist 

15. Anordnung nach einem der Anspruche 1 bis 14, bei 
welcher sich die Sperren (29) vom zweiten Substrat 

(21 ) erstrecken und nur an diesem befestigt sind. io 

16. Anordnung nach einem der Anspruche 1 bis 14, bei 
welcher jede der Sperren aus einem ersten Sper- 
renteil (19). der auf dem ersten Substrat (11) gebil- 
det ist, und einem zweiten Sperrenteil (29), der auf 
dem zweiten Substrat (21) gebtldet ist, besteht. 

17. Anordnung nach Anspruch 15, bei welcher die 
Sperren (29) einen Hbhenunterschied innerhalb 
von 10 \im aufweisen. 

18. Anordnung nach Anspruch 15 oder 17, bei welcher 
die Sperren (29) eine flache Oberseite aufweisen. 

19. Verfahren zur Herstellung einer Farboberflachen- 2S 
entladungs-PIasmaanzeigeanordung. wie in einem 
der Anspruche 1 bis 18 angegeben, wobei die 
Adressenelektroden (22) und die Sperren (29) par- 
allel zueinander sind, und die Adressenelektroden 

(22) einen Hauptteil (22A) zum Anzeigen parallel zu 30 
den Sperren (29) und einen Tell (22B) an einem En- 

de des Hauptteils (22A) zum Verbinden au3erer An- 
schlQsse umfassen, welches Verfahren die Schritte 
umfa3t: 

3S 

Drucken eines Materials zur Bildung der Haupt- 
teile (22A) der Adressenelektroden (22) unter 
Verwendung einer Druckmaske; 
Drucken eines Materials zur Bildung der auf3e- 
ren AnschluQ-Verbindungsteile {22B), und 
Drucken eines Materials zur Bildung der Sper- 
ren (29) unter Venwendung der Druckmaske, 
die zum Drucken des Materials zur Bildung der 
Hauptteile {22A) der Adressenelektroden (22) 
verwendet wird. 



den, und um eine Phosphorschicht (28R, 28G, 
28B) zu bilden, die nahezu die gesamten Ober- 
flachen der Seitenwande der Sperren (29) be- 
deckt, und uber dem zweiten Substrat (21 ) zwi- 
schen den Sperren (29) liegt. 

21. Verfahren nach Anspruch 20, wobei die Phosphor- 
paste einen Phosphor in einer Menge von 10 bis 50 
Masse-% umfaBt. 

22. Verfahren nach Anspruch 20. bei welchem das Ful- 
len mit Phosphorpaste durch Siebdrucken der 
Phosphorpaste in die Spalte mit einer quadrati- 
schen Rakel unter einem Einstellwinkel von 70 bis 
85° durchgefuhrt wird. 

Revendications 

1 . Dispositif d'affichage a plasma, du type a decharge 
en surface, en couleurs, comprenant : 

un premier substrat (11) et un deuxieme subs- 
trat (21) disposes en regard I'un de I'autre et 
definissant entre eux un espace que Ton a rem- 
pli d'un gaz de decharge ; 
ledit premier substrat etant dote, sur une surfa- 
ce interne situee en regard dudit deuxieme 
substrat : 

d'une pluraiite de paires d'electrodes d'af- 
fichage mutuellement paralleles (X. Y), 
chaque paire d'electrodes d'affichage defi- 
nissant une ligne d'affichage (L) et consti- 
tuant une paire d'electrodes pour decharge 
en surface, et 

d'une couche dielectrique (17) couvrant 
lesdites electrodes d'affichage ; 

ledit deuxieme substrat etant dote, sur une sur- 
face interne situee en regard dudit premier 
substrat : 

d'une pluraiite de tignes d'electrodes 
d'adressage (22) qui sent isolees vis-^-vis 
des electrodes d'affichage et sont dispo- 
sees dans une direction croisant celle des 
electrodes d'affichage, 
de barrieres (29) disposees entre des elec- 
trodes adjacentes de ladite pluraiite d'elec- 
trodes d'adressage, parallelement a cel- 
les-ci, et 

de couches de luminophore (28R, 28G, 
28B) formant un motif lineaire. disposees 
en groupes de trois couches de luminopho- 
re differentes les unes des autres en ce qui 
concerne la couleur de luminescence, et 
disposees successivement et de mani^re 



20. Verfahren zur Herstellung einer Farboberflachen- 
entladungs-Plasmaanzeigeanordung, wie in An- 
spruch 6 angegeben, welches die Schritte umfaBt; 

Bilden der Sperren (29) auf dem zweiten Sub- 
strat (21); 

nahezu Fullen von Spalten zwischen den Sper- 
ren (29) uber dem zweiten Substrat (21 ) mit ei- 
ner Phosphorpaste. 

Brennen der Phosphorpaste, um das Volumen 
der Phosphorpaste zu reduzieren, und um so 
Vertiefungen zwischen den Sperren (29) zu bil- 
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repetee de fagon que ledit motif se repete 
suivant la direction tongitudinale desdites 
lignes d'affichage, lesdites couches de lu- 
minophore etant formees entre des barrie- 
res adjacentes et s'etendant de fagon con- 
tinue le long de chacune desdites electro- 
des d'adressage en regard desdites elec- 
trodes d'affichage ; 

de sorte que I'espace de decharge de plasma 
compris entre lesdits prennier et deuxieme substrats 
forme un reseau d'elements d'image, chaque ele- 
ment comprenant trois couches de luminophore 
successives de couleurs differentes et une ligne 
d'affichage (L) definie par une paire d'electrodes 
d'affichage. 

2. Dispositif selon la revendication 1, ou ledit element 
d'image possede une aire formant presque un carre 
et chacune desdites trois couches de luminophore 
(28R, 28G, 28B) possede une forme rectangulaire 
qui est obtenue en divisant ledit carre de I'element 
d'image et dont la longueur est suivant la direction 
perpendicutaire auxdites electrodes d'affichage (X, 
Y). 

3. Dispositif selon la revendication 1 ou 2, oij ledit pre- 
mier substrat (11) est transparent de iagon k pou- 
voir etre dispose du cote (H) regardant I'observa- 
teur, par rapport audit deuxieme substrat (21) qui 
porte les couches de luminophore (28R, 28G, 28B). 

4. Dispositif selon la revendication 3, ou lesdites elec- 
trodes d'affichage (X, Y) possedent des decoupu- 
res partielles d'une forme telle que la decharge en 
surface soit localisee dans une partie situee entre 
les electrodes d'affichage (X, Y) qui est depourvue 
de la decoupure dans chaque aire luminescente 
unite. 

5. Dispositif selon I'une quelconque des revendica- 
tions 1 ^ 4, ou la largeur totale d'une paire des elec- 
trodes d'affichage (X, Y) et de I'intervalle de dechar- 
ge qui est forme entre les electrodes de cette paire 
d'61ectrodes d'affichage est inferieure & 70 % du pas 
desdites palres d'6lectrodes d'affichage (X, Y). 

6. Dispositif selon Tune quelconque des revendica- 
tions 1 a 5, ou lesdites barrieres (29) ont des parois 
laterates et lesdites couches de luminophore (28R, 
28G, 28B) s'etendent aux parois laterales desdites 
barrieres et les recouvrent presque entierement. 

7. Dispositif selon I'une quelconque des revendica- 
tions 1 & 6, ou lesdites electrodes d'adressage (22) 
sont presentes sur une face dudit deuxieme subs- 
trat (21 ) qui est en regard desdites electrodes d'af- 
fichage (X, Y) et lesdites Electrodes d'adressage 



(22) sont entierement recouvertes desdites cou- 
ches de luminophore (28R. 28G, 288). 

8. Dispositif selon I'une quelconque des revendica- 
5 tions 1 a 7, comprenant en outre une couche sous- 

jacente (23) en verre a bas point de fusion, conte- 
nant un colorant de couleur claire, qui est formee 
sur ledit deuxieme substrat (21 ), lesdites electrodes 
d'adressage (22) etant formees sur ladite couche 
10 sous-jacente (23). 

9. Dispositif selon I'une quelconque des revendica- 
tions 1 a 8, ou au moins une partie desdites barrie- 
res (29) comprend un verre ^ bas point de fusion 

75 contenant un colorant de couleur claire. 

10. Dispositif selon I'une quelconque des revendica- 
tions 1 a 9, ou lesdites barrieres (29) comprennent 
un verre a bas point de fusion contenant un colorant 

20 de couleur sombre dans leur partie superieure et un 

verre a bas point de fusion melange avec un colo- 
rant de couleur claire dans leur autre partie. 

11. Dispositif selon I'une quelconque des revendica- 
25 tions 1 a 10, comprenant en outre un systeme de 

commande d'excitation du type adressage d'efface- 
ment par lequel, une fois que tous les elements 
d'image correspondant aux electrodes d'affichage 
(X, Y) ont fait t'objet d'une operation d'ecriture, une 

30 impulsion d'effacement est appliquee & une electro- 
de de la paire des electrodes d'affichage (X, Y) et, 
simultanement, une impulsion de commande de 
champ electrique, servant a neutraliser {'impulsion 
d'effacement appliquee, est selectivement appli- 

35 quee aux electrodes d'adressage (22). 

12. Dispositif selon I'une quelconque des revendica- 
tions 1 a 11, comprenant en outre un systeme de 
commande d'excitation du type adressage d'6critu- 

40 re par lequel, tors de I'affichage d'une ligne corres- 

pondant k une paire des electrodes d'affichage (X, 
Y), une impulsion d'affichage de decharge est ap- 
pliquee a une electrode de la paire des electrodes 
d'affichage (X, Y) et, simultanement, une impulsion 

45 de commande de champ 61ectrique, servant k ef- 
fectuer I'operation d'ecriture, est selectivement ap- 
pliquee aux electrodes d'adressage (22). 

13. Dispositif selon la revendication 12, ou ledit syste- 
50 me de commande d'excitation du type adressage 

d'ecriture est constitue de fa?on que. lors de I'affi- 
chage d'une ligne correspondant k une paire des 
electrodes d'affichage (X, Y), une fois que tous les 
elements d'image correspondant aux electrodes 
55 d'affichage {X, Y) ont ete soumis S des decharges 
d'ecriture et d'effacement, en vue du stockage de 
charges diectriques positives au-dessus desdites 
couches de luminophore et de charges electriques 
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negatives au-dessus de ladite couche dielectrique, 
une impulsion d'affichage de decharge electrique 
est appliquee a une electrode de la paire des elec- 
trodes d'affichage (X, Y) pour rendre ladite electro- 
de consideree de la paire des electrodes d'afficha- 
ge {X, Y) negative en potentiel electrique par rap- 
port a Tautre electrode de la paire des electrodes 
d'affichage, et une impulsion de decharge electri- 
que est selectivennent appliquee aux electrodes 
d'adressage (22) afin de rendre les electrodes 
d'adressage positives en potentiel electrique par 
rapport a ladite electrode consideree de la paire des 
electrodes d'affichage (X, Y). 

14. Dispositif selon I'une quelconque des revendica- 
ttons 1 a 1 3, ou chacune desdites electrodes d'affi- 
chage {X, Y) connprend une connbinaison d'une li- 
gne conductrice transparente (41) et d'une ligne en 
metal (42) disposee en contact avec ladite ligne 
conductrice transparente (41) et ayant une largeur 
plus etroite que celle de ladite ligne conductrice 
transparente (41 ), et est disposee du cote de J'ob- 
servateur. par rapport aux couches de lumtnophore 
(28R. 28G, 288). 

15. Dispositif selon I'une quelconque des revendica- 
tions 1 & 14, ou lesdites barrieres (29) font saillie 
depuis ledit deuxieme substrat (21 ) et ne sont fixees 
qu'a celui-ci. 

16. Dispositif selon I'une quelconque des revendica- 
tions 1 a 14, oij chacune desdites barrieres est for- 
mee d'une premiere partie de barriere (19) formee 
sur le premier substrat (1 1 ) et d'une deuxieme partie 
de barriere (29) formee sur le deuxieme substrat 
(21). 

1 7. Dispositif selon ta revendication 1 5. ou lesdites bar- 
rieres (29) presentent des differences de hauteur 
qui sont comprises dans la limite de 10 \xm. 

18. Dispositif selon la revendication 15 ou 17, ou lesdi- 
tes barrieres (29) ont une surface superieure plate. 

19. Procede de fabrication d'un dispositif d'affichage k 
plasma, du type a decharge en surface, en cou- 
leurs, tel que defini dans I'une quelconque des re- 
vendications 1 a 18, dans lequel lesdites electrodes 
d'adressage (22) et lesdites barrieres (29) sont pa- 
ralldles antra elles et lesdites electrodes d'adressa- 
ge (22) comprennent une partie principale {22A) 
d'affichage qui est parallele auxdites barrieres (29) 
et une partie (22B) situee a une extremite de ladite 
partie principale (22A) et servant a la connexion de 
conducteurs externes, ledit procede comprenant 
les operations suivantes : 

deposer par impression une matiere destinee 



a former lesdites parties principals (22A) des 
electrodes d'adressage (22) a I'aide d'un mas- 
que d'impression ; 

deposer par impression une matiere destinee 
5 a former lesdites parties (22B) de connexion a 

des conducteurs externes, et 

deposer par impression une matiere destinee 

a former lesdites barrieres (29) a I'aide dudit 

masque d'impression utilise pour deposer par 
10 impression ladite matiere destinee a former les 

parties principales (22A) des electrodes 

d'adressage (22). 

20. Procede de fabrication d'un dispositif d'affichage a 
15 plasma, du type a decharge en surface, en cou- 
leurs, tel que defini dans la revendication 6, com- 
prenant les operations suivantes : 

former lesdites barrieres (29) sur ledit deuxie- 
20 me substrat (21) ; 

rempllr presque entierement les intervalles 
compris entre lesdites barrieres (29), au-des- 
sus dudit deuxieme substrat (21), d'une pate de 
luminophore, 

2S cuire ladite pate de luminophore afin de reduire 

le volume de ladite pate de luminophore et, ain- 
sl, former des evidements entre lesdites barrie- 
res (29) et afin de former une couche de lumi- 
nophore (28R, 28G, 28B) qui couvre presque 

30 entierement les surfaces des parois laterales 

desdites barrieres (29) et s'etend au-dessus 
dudit deuxieme substrat (21 ) entre lesdites bar- 
rieres (29). 

35 21. Procede selon la revendication 20, ou ladite pate 
de luminophore contient un luminophore dans la 
proportion de 10 a 50 % en poids. 

22. Procede selon la revendication 20, ou ladite opera- 
40 tion conslstant & rempllr de ladite pate de lumino- 
phore s'effectue par depot du type impression seri- 
graphique de ladite pate de luminophore dans les- 
dits intervalles k I'aide d'une ractette carree faisant 
un angle determine de 70 k 85°. 

45 
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